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Abstract: Location based weather monitoring 

systems provide the basic temperature and humidity 

forecasted from specific areas using high end 

complex hardware placed over a vast area. The 

applications like climatic change observatory needs 

accurate and dynamic temporal data but the current 

working systems receive data from other forecasting 

stations that is highly unreliable to people living in 

remote rural areas. With the advent of IoT, we 

propose a local weather monitoring system with 

open hardware that continuously monitors the 

temperature, humidity and Co2 of any remote area 

ensuring high accurate data at a lower cost. The data 

is pooled from multiple systems simultaneously and 

will be stored in the central server preferably a 

Raspberry Pi. As understanding the data and 

bringing out the relations is also a prominent factor 

for research purposes, we use the logged data for 

analysis using data analytics and further plot them 

using visualization techniques for efficient variation 

in it. 
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1. Introduction 

The existing weather monitoring systems receive 

data from central stations that has complex hardware 

such as thermometers and hygrometers. Consider a 

remote rural village far from this central station 

where the data gets updated only at regular intervals 

over a complete day. These systems fail in providing 

dynamic changes in weather. As the data is received 

from some other stations it is highly unreliable, static 

and inaccurate. For ensuring high accuracy in data 

local weather monitoring systems provide a basic 

solution. The major challenges in designing and 

running these systems are the technology and the 

hardware to be used, the cost we incur on these 

systems and the accuracy they provide. Constant 

weather monitoring system includes projecting the 

current values of temperature and humidity. Storage 

of the data can be used for many real time 

applications like climate changes and its reasons, 

farming applications [5], sudden seasonal shifts and 

further useful for research purpose. It is also 

important to make the stored data available to all the 

people across the globe for their applications but this 

involves complex hardware setups for network 

establishment and server maintenance. These kinds 

of systems eventually lead to large amount of time, 

greater costs, more area, and lots of man power. We 

propose a system which overcomes all these 

disadvantages. The present paper gives a feasible 

solution for villages [6] to develop their own 

infrastructure with low cost using IoT [2].  This 

system uses simple local objects and open data. The 

open hardware involves Arduino and Esp8266 

placed in a network setup which uses Wifi. Open 

hardware is growing need for cost effective 

applications with accurate data. They ensure cheaper 

cost than commercially available hardware, highly 

reliable and utmost flexible for any application. 

Some of these include Arduino, Raspberry Pi, 

python etc. In this paper we use Arduino Uno board 

as a base which has 14 digital pins for I/O and 6 

analog input pins. These analog pins can be 

interfaced with different analog sensors and one 

being the DHT11 sensor which provides temperature 

and humidity values. The software serial of Arduino 

is extensively used for data transmission. Further the 

data is stored [3] in a server which can be Raspberry 

Pi in presence of Linux environment or any personal 

computer. This data is further transmitted over a 

simple network involving WIFI as it is convenient to 

use, mobility and easy code deployment with higher 

productivity at low cost. For this we use Esp8266, a 

system on chip WIFI [9] module capable of working 

at 2.4 GHz band with 802.11b/g/n [1] standards. 

2.  Description 
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     In this project we place DHT11 sensors over a 

given area. The sensors provide the temperature 

and humidity values [14] and these values are 

transmitted over the WIFI using the ESP8266 

modules. The data is pushed on to the local server 

i.e. raspberry pi or a PC using MQTT broker with 

mqtt protocol to further store in the database [3]. 

The stored data is further visualized in the form of 

various graphs for real time comparison and easy 

estimation. We use data analytics [5] for bringing 

out the relations among the data sets. For this we 

use the Anaconda package and other libraries of 

python like the Numpy, SciPy, Matplotlib etc. This 

analyzed data can be further useful for research 

applications [6].  

Figure 1. Central Block Diagram           

     The present work comprises of the following 

tasks: 

A. Sensor data acquisition: This step involves the 

dht11 [12-13] sensors to produce the digital 

calibrated output of temperature and humidity. 

These sensors are placed at various places as 

different nodes and all these are connected to an 

Arduino device which collects the data. 

B. Pushing the data using ESP8266: In this step all 

the sensor data received by the Arduino is pushed 

on to a central server which is preferably a 

raspberry pi or a PC over WIFI. The ESP8266 

receives the data from the software serial of the 

Arduino and transmits the data towards the server. 

C. Reading the Data: In this step the transmitted 

data of the esp8266 module is read by the server. 

This is done in presence of an Mqtt broker using 

Mqtt protocols. Using proper subscription of the 

device the data is published on to the server. 

D. Storing into Database: In this step all the 

published values are stored into a data base [3]. The 

values received are sent into a MySQL database 

directly from the terminal. All the data gets logged 

continuously and this data can be used for further 

analysis. 

E. Data Analytics: The stored data is analyzed and 

the relations among them are brought using 

different data analytics [5-6-10] which uses python 

libraries. The temperature, humidity variations are 

fetched as lists using Numpy and plotted using 

Matplotlib. Further we build a curve using linear 

regression to map and predict the temperature 

based on the stored data in the data base. 

3.  Implementation 

3.1. Establishing connection between PC & 

ESP8266 

 

 

 

 

Figure 2. Pc & ESP Communication 

     This module establishes the data transfer 

mechanism between PC and Wi-Fi module. The 

Arduino acts as a bridge between PC and Wi-Fi 

module. The data transferred by PC is received by 

Arduino and then it transmits to the Wi-Fi module.  

3.2. Establishing communication between 

ESP8266 & Server 

      The code present in the ESP8266 allows us to 

connect to a specified network [9]. With the help of 

Mqtt protocol the data received by the ESP8266 

from Arduino is published. To receive and publish 

the data from server side i.e. the raspberry Pi 

module we use the Mqtt broker mosquitto. Once 

this step is done the publishing of message can be 

made possible from server to the client i.e. the 

ESP8266. This further extends with subscription to 

receive the data that are sent by different nodes 

based on the published message. 

3.3. Establishing connection between Arduino & 

ESP8266 

     The following framework establishes the data 

transfer between Arduino and Wi-Fi module.  

Using the hardware serial we send the data from 

Arduino to esp8266 and this in-turn receives the 

data using software serial command. The data 

which received by ESP is traced back to Arduino 

and the received data is printed on the serial 

monitor by the Arduino to view the data that is 

being published. 
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Figure 3. Arduino & ESP Communication  

 

3.4 Storing the values into the Database 

 
    To store all the received values into a database 

first we redirect the output received on subscription 

window of mosquitto to a text file.  

Figure 4. Storage of data 

    This data is further retrieved using python scripts 

and then stored into MySQL database running on 

Raspberry Pi server. 

4.  Data Analytics 

    Data analytics is a new approach for problem 

solving using technical expertise involving the 

usage of back up data [5-6]. The stored data can be 

used to solve real time problems such as modelling 

the data, extracting the useful information from the 

raw data, comparison, estimation, prediction, 

decision making and framing conclusions [10]. 

Here we bring out the relations, variation of data 

and their dependency over various dynamically 

changing parameters and build mathematical 

models for easy understanding and analysis and 

give innovative engineering solutions. In data 

analytics we collect the raw data using various 

techniques and then subject them to processing and 

cleaning for obtaining a structured data i.e. in the 

form of rows and columns and thereby it is easy to 

remove any erroneous and duplicate data items. 

Then we apply various algorithms on the data 

depending on the application and the results are 

finally visualized.  

    Generally it is much easier to understand the 

results of data analytics when put in the form of 

graphs, charts etc. This is called data visualization 

which is a sub class of analytics. Through this 

technique we could see the pattern in data, 

understand the concepts and grasp the main content 

that the data delivers. We have many tools to 

implement the analytics part such as R, Python with 

special packages and the visualization can be 

achieved using python or any higher tools like 

d3.js. Machine learning is a developing branch 

where the computer is given the sole capability to 

take think and take its own decisions. Data 

analytics play an important role in this concept and 

both go hand in hand. This is achieved using 

various algorithms which help for prediction and 

classification. In the proposed framework, the data 

that is stored in the form of lists is analyzed using 

data analytic  

 

 

 

 

 

 

 

Figure 5. Data Analytics 

 

    This is implemented using advanced python 

libraries like Numpy, MATPLOTLIB, and SciPy. 

The linear regression helps in estimation of new 

from stored data automatically which is 

implemented using Sci-Kit Learn package of 

python.  

 

Weather Prediction: In this module we will be 

using efficient machine learning techniques to 

analyze the stored data sets thus predicting the 

future data samples. In this paper we make use of 

Polynomial Regression of 2
nd 

degree and forecast 

the approximated temperature and humidity for the 

successive days. As the number of samples 

increases the predictive accuracy also increases. 

 

   

 

 

 

 

 
Figure 6. Overall Block Diagram 

 

5. Results & Discussion 

 
5.1 Hardware: The mentioned hardware result 

contains Esp8266 Wi-Fi module, a temperature and 

humidity sensor and Arduino Uno board. The 

sensor is given to Arduino and then the resulting 

signals are routed towards the Esp8266 module. 

Multiple sensors are placed in such fashion in a 

given local area. The ESP modules transfer the data 

over the Wi-Fi and the stored in database inside a 

Raspberry Pi server or PC via Mqtt protocols. 
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Figure 7. Data Published onto server using 

 

Figure 8. Data Stored into MySQL Database

 

5.2 Data publishing using Mqtt

 
    In this result we have two windows called the 

subscription window and other the publish window. 

Here one window comprises the command to 

publish the device temperature and the other 

window displaying all the data. Here we view data

sets of two different devices placed at two different 

locations. This whole process is done in presence of 

Mqtt protocols enabling the data to be pushed on to 

the server.  

3 Database: The below mentioned result describes 

the datasets in the form of tables. The tables contain 

the data of all the devices in the local area along 

with their time stamps. The data is stored in the 

form of tables in MySQL database and is further 

retrieved for applying data analytics.  

 

Figure 9. Data Visualization 

5.4 Data Analytics: With the application of data 

analytics and data visualization we get the 

graphical view of the raw data sets. The following 

graph shows the temperature, humidity & C

variation w.r.t time stamps at a given location.

    From the graphical view of data we can illustrate 

the Co2 values as a form of pollution at a specific 

 
onto server using Mqtt 

Database 

Mqtt 

In this result we have two windows called the 

subscription window and other the publish window. 

Here one window comprises the command to 

publish the device temperature and the other 

window displaying all the data. Here we view data 

sets of two different devices placed at two different 

locations. This whole process is done in presence of 

Mqtt protocols enabling the data to be pushed on to 

The below mentioned result describes 

the datasets in the form of tables. The tables contain 

the data of all the devices in the local area along 

with their time stamps. The data is stored in the 

form of tables in MySQL database and is further 

 

With the application of data 

analytics and data visualization we get the 

graphical view of the raw data sets. The following 

graph shows the temperature, humidity & Co2 

variation w.r.t time stamps at a given location.  

From the graphical view of data we can illustrate 

the Co2 values as a form of pollution at a specific 

node. We can bring out the relation between all the 

3 parameters with the basic data sciences and we 

can state that the temperature content is higher at 

nodes with higher Co2 content and the the values of 

humidity are very less at the same nodes. When it 

comes to the nodes at less gas content the 

temperature is little bit less and humidity is 

optimum. Thus we can derive to a conclusion that 

Co2 values and other gas values contributing to 

pollution increases the temperature and decreases 

the humidity content of a given place. Through this 

we can further give some danger predic

applying a threshold value on the parameters.

 

Figure 10. Comparison at two different locations

 

    The above mentioned graphical result gives the 

comparison of parameters i.e. temperature and 

humidity at 2 different locations. With this 

comparative analysis it is easier to find the sudden 

changes at any single location w.r.t the other 

location. So, this helps in controlling and 

maintaining an ambient weather in the 

surroundings. We can also set few threshold values 

to give a alarming signal if the te

locations are too high on comparison to other. In 

this way we can apply this project to various 

controlling applications. 

6. Conclusion & Future Scope

 
    Through this paper we presented a way for 

monitoring the temperature, humidity and 

content at different nodes with utmost cost 

effectiveness. The proposed system not only 

monitors but also helps to analyze the patterns of 

weather changes with the variation in the data and 

even estimate the new data for controlling 

purposes.  The other key implementation of this 

project is the successful to and fro transmission of 

data from Arduino and esp8266 (dual way 

communication) i.e. transmitting data from dht11 

sensor to esp8266 via Arduino and response of ESP 

to Arduino to view on serial 

implemented using software serial of Arduino.

node. We can bring out the relation between all the 

the basic data sciences and we 

can state that the temperature content is higher at 

nodes with higher Co2 content and the the values of 

humidity are very less at the same nodes. When it 

comes to the nodes at less gas content the 

ss and humidity is 

optimum. Thus we can derive to a conclusion that 

Co2 values and other gas values contributing to 

pollution increases the temperature and decreases 

the humidity content of a given place. Through this 

we can further give some danger prediction by 

applying a threshold value on the parameters.  

Comparison at two different locations 

The above mentioned graphical result gives the 

comparison of parameters i.e. temperature and 

humidity at 2 different locations. With this 

analysis it is easier to find the sudden 

changes at any single location w.r.t the other 

location. So, this helps in controlling and 

maintaining an ambient weather in the 

surroundings. We can also set few threshold values 

to give a alarming signal if the temperatures at any 

locations are too high on comparison to other. In 

this way we can apply this project to various 

6. Conclusion & Future Scope 

Through this paper we presented a way for 

monitoring the temperature, humidity and pollution 

content at different nodes with utmost cost 

effectiveness. The proposed system not only 

monitors but also helps to analyze the patterns of 

weather changes with the variation in the data and 

even estimate the new data for controlling 

e other key implementation of this 

project is the successful to and fro transmission of 

data from Arduino and esp8266 (dual way 

communication) i.e. transmitting data from dht11 

sensor to esp8266 via Arduino and response of ESP 

to Arduino to view on serial monitor which is 

implemented using software serial of Arduino. 
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    With the proposed framework we can implement 

many IOT applications that are based on data 

analysis based on sensor values. Since the Arduino 

can incorporate 14 digital pins and 5 analog pins 

we can control a total of 15 devices (excluding TX 

and RX) or receive data from 15 different sensors. 

This can be used for home automation purposes. 

With this procedure it is possible to collect data 

from multiple sensors at a time which will be major 

asset for real time applications.  It can be of major 

use at instances where we need to compare the 

present data with past data to understand the 

climatic variation. We can further extend this 

framework in giving safe and secure data by the 

application of various encryption techniques as 

encryption and privacy is always a major challenge 

in IoT. 
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